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(54) PRODUCTION OF METAL POWDER AND ITS PRODUCING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate bumping in the 
reaction in producing metal powder from metal oxide by 
the polyol reduction process, to enhance productivity by 
shortening the reaction time and to provide a method for 
stably producing the metal powder at a low cost. 
SOLUTION: Metal oxide and a polyol are heated to > 
85* C under the reflux of the vapor to reduce the metal 
oxide, and the metal powder is produced. In this method, 
a gas is supplied to a reaction tank 1 from a gas feeder 
5 and/or the gas is sucked from the reaction tank 1 at 
the same time to discharge the steam generated by the 
reduction reaction. A high-b.p. polyol and a low-b.p. 2'- 
polyol are mixed and used, or the vapor is refluxed by 
using a cooling medium at 1 00-200** C. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the metal powder characterized by performing gas 
suction out of the gas supply into a reaction vessel, and/or a reaction vessel to coincidence in 
the approach of returning a metallic oxide and manufacturing a metal powder by making a 
metallic oxide suspending in polyol and heating it at 85 degrees C or more under steamy reflux. 
[Claim 2] The manufacture approach of a metal powder according to claim 1 characterized by 
the gas supplied in a reaction vessel being air or nitrogen. 

[Claim 3] The manufacturing installation of the metal powder characterized by equipping a gas 
discharge path with steamy reflux equipment from a reaction vessel while being equipment which 
manufactures a metal powder by having the reaction vessel equipped with heating apparatus and 
churning equipment, heating a metallic oxide with polyol and returning within a reaction vessel 
and having a gas transfer unit to a reaction vessel, and/or a gas aspirator from a reaction vessel. 

[Claim 4] The manufacture approach of the metal powder characterized by to mix and use the 
polyol which has the boiling point, and the polyol which has the boiling point in the temperature 
requirement exceeding the temperature which added 30 degrees C to whenever [ this stoving 
temperature ] for the temperature requirement to the temperature which added 30 degrees C to 
whenever [ this stoving temperature ] from whenever [ stoving temperature ] as said polyol in 
the approach of returning a metallic oxide and manufacturing a metal powder by making a 
metallic oxide suspending in polyol and heating it at 85 degrees C or more. 
[Claim 5] The manufacture approach of a metal powder according to claim 4 characterized by 
the rate of the polyol which has the boiling point in the temperature requirement to the 
temperature which added 30 degrees C to whenever [ this stoving temperature ] from whenever 
[ stoving temperature ] among the polyols to mix being 10 - 80 % of the weight. 
[Claim 6] The manufacture approach of the metal powder characterized by making temperature 
of the cooling medium for steamy reflux into 100-200 degrees C in the approach of returning a 
metallic oxide and manufacturing a metal powder by making a metallic oxide suspending in polyol 
and heating it at 85 degrees C or more under steamy reflux. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



file://C:¥Documents%20and%20Settings¥oshino.h¥My%20Documents¥JPOEn¥JP-.. 2006/05/24 

BEST AVAILABLE COPY 



JP-A-H 10-226805 



3/9 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of returning a metallic oxide by 

polyol and obtaining a metal powder, and the manufacturing installation for it. 

[0002] 

[Description of the Prior Art] The metal powder is used for various applications, such as a 
sintered alloy, a conductive paste, and electroconductive glue. Conventionally, as these metal 
powders, although the thing dozens of micrometers or more which has a comparatively large 
particle size was used, several micrometers or the detailed metal powder not more than it is 
demanded for particle size recently. 

[0003] The polyol reduction which heats in polyol the vapor phase reaction and the metaled 
oxide which return steams which return the wet reduction method which returns the water 
solution of a metal salt with a reducing agent, a metal salt. etc. by reducibility gas as an 
approach of obtaining a metal powder with such a small particle size, such as a gas reduction 
method and a metal salt by reducibility gas, a hydroxide, or the solid-state compound which 
consists of a salt, returns and obtains metal impalpable powder is known. 
[0004] Polyol reduction given in JP,4-24402,B in these approaches can manufacture the metal 
particle near mono dispersion cheaply, and attracts attention as an approach excellent also in 
oxidation resistance. However, since according to this approach polyol is heated in temperature 
of 85 degrees C or more and it was made to react at the temperature near an ebullition 
condition in many cases, scattering of hot polyol and generating of a lot of polyol steams by 
bumping took place, the environment was polluted and there were problems, like safety is 
missing. 

[0005] Moreover, although installing a local exhaust ventilation was usually performed in order to 
exhaust the polyol which evaporated, in reduction of the capacity by emission in the open air of 
the polyol which evaporated especially in this case becoming large and lacking in the stability of 
a reduction reaction, there was a problem that it was difficult to enlarge the scale of a 
manufacturing installation and to carry out the product from Daisei. 
[0006] Then, while preventing bumping, in order to suppress reduction of the polyol by 
evaporation, the approach of making reaction temperature lower than the boiling point of polyol, 
or using the high polyol of the boiling point is enforced. According to this approach, bumping was 
lost, the point of safety has improved, but the reaction time for reduction became long sharply, 
and there was a fault that productivity fell. 

[0007] The approach of flowing back the polyol which attached steamy reflux equipment and 
evaporated as other approaches to a reaction vessel is also performed. However, there was a 
fault that a steam always convects in a reaction vessel as a result of the steam generated by 
the reaction although evaporation reduction of polyol can be prevented in this approach also 
flowing back to coincidence, the reduction reaction of a metallic oxide became slow on a 
reaction balance, and productivity fell too. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention shortens the time amount of a 
reduction reaction, raises productivity, and aims at offering the approach and equipment which 
manufacture a cheap metal powder, especially copper powder while it improves the bumping 
condition of a reaction in the approach of manufacturing a metal powder from a metallic oxide by 
the above-mentioned polyol reduction and secures safety in view of such a conventional 
situation. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
manufacture approach of the 1st metal powder which this invention offers is characterized by 
performing gas suction out of the gas supply into a reaction vessel, and/or a reaction vessel to 
coincidence in the approach of returning a metallic oxide and manufacturing a metal powder, by 
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making a metallic oxide suspend in polyol and heating it at 85 degrees C or more under steamy 
reflux. 

[0010] The manufacture approach of the 2nd metal powder in this invention by making a metallic 
oxide suspend in polyol and heating it at 85 degrees C or more The polyol which has the boiling 
point in the approach of returning a metallic oxide and manufacturing a metal powder, in the 
temperature requirement to the temperature which added 30 degrees C to whenever [ this 
stoving temperature ] from whenever [ stoving temperature ] as said polyol. It is characterized 
by mixing and using the polyol which has the boiling point for the temperature requirement 
exceeding the temperature which added 30 degrees C to whenever [ this stoving temperature ]. 
[0011] Moreover, the manufacture approach of the 3rd metal powder in this invention. In the 
approach of returning a metallic oxide and manufacturing a metal powder, it is characterized by 
making temperature of the cooling medium for steamy reflux into 100-200 degrees C by making a 
metallic oxide suspend in polyol and heating it at 85 degrees C or more under steamy reflux. 
[0012] Furthermore, the manufacturing installation of the metal powder which this invention 
offers is equipment which manufactures a metal powder by having the reaction vessel equipped 
with heating apparatus and churning equipment, and heating a metallic oxide with polyol within a 
reaction vessel, and it is characterized by equipping a gas discharge path with steamy reflux 
equipment from a reaction vessel while it is equipped with the gas transfer unit to a reaction 
vessel, and/or the gas aspirator from a reaction vessel, in order to enforce the 1st approach of 
the above. 

[0013] In addition, in this invention, the metallic oxide of a raw material is semantics which 
contains the hydrated compound out of metaled oxide, for example, oxide, such as gold, silver, 
palladium, copper, nickel, and cobalt, and the hydrated compound of those can be used. 
[0014] Moreover, especially polyol is not limited, but although what is necessary is just to choose 
suitably with the particle size of the metal powder made into the class and the purpose of a 
metallic oxide etc., generally a diethylene glycol, a glycerol, butanediol, propylene glycol, etc. can 
be used. For example, when using oxidization copper as a raw material, from a viewpoint of 
safety or a price, ethylene glycol, a diethylene glycol, triethylene glycol, tetraethylene glycol, and 
a polyethylene glycol are suitable, as a polyethylene glycol, it is a liquid in ordinary temperature, 
and the thing to about 300 average molecular weight with easy handling is desirable. 
[0015] 

[Embodiment of the Invention] In polyol reduction, water generates at the same time a metallic 
oxide is returned by polyol. For example, triethylene glycol and the reaction at the time of using 
copper oxide as a metallic oxide are shown in the following chemical formula 1 as polyol. 
[0016] 

[Formula 1] CuO+HO-CH2-C4H802-CH2-OH -> Cu+OHC-C4H8O2-CH2-OH+H2O[0017] The 
water generated by the above-mentioned reduction reaction serves as a steam, and although 
evaporation diffusion is carried out. a reduction reaction advances by discharging this steam out 
of a reaction vessel so that the chemical equilibrium of a chemical formula 1 may show. However, 
in the usual case, it was not easy that a steam is automatically discharged out of a reaction 
vessel, and in order to prevent evaporation of polyol. in performing steamy reflux, in order for 
some steams to flow back and to return to a reaction vessel, it turned out that advance of the 
above-mentioned reduction reaction is controlled and reaction time becomes long. 
[0018] in order [ then, ] to discharge effectively the steam generated by the reduction reaction 
out of a reaction vessel by the 1 st approach of this invention — the gas supply into a reaction 
vessel — or a reduction reaction is carried out. gas suction or its both out out of a reaction 
vessel. [ both ] Since it accompanies to the supplied gas or the steam in a reaction vessel is 
positively discharged by suction of gas from a reaction vessel, advance of the above-mentioned 
reduction reaction is promoted. 

[0019] What is necessary is just to be able to supply the gas of the flow rate which asks 
[ pumps /, such as air and nitrogen, / a chemical cylinder or air supply pumps ] for the supply 
approach of gas. Furthermore, although especially the class of gas is not limited, it is desirable to 
use air or nitrogen at a price-point Moreover, a quantity of gas flow changes with reaction 
temperature, reaction capacity, metal oxidation amount of resources, etc., for example, when 
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reaction temperature is 240 degrees C by the reaction capacity of 101.. a minute is desirable [ a 
quantity of gas flow ] in about 10-701. /. 

[0020] Moreover, the suction approach of gas should just be the approach of attracting gas by 
the flow rate for which it asks, such as an aspirator and a suction pump. When performing gas 
suction, it is desirable to prepare air supply opening of dedication in a reaction vessel. In 
addition, it is still more effective if gas supply and gas suction are used together. Although the 
flow rate of the drawing^in gas also changes with reaction temperature, reaction capacity, metal 
oxidation amount of resources, etc., it can adjust like the case of gas supply. 
[0021] the outside of the reaction vessel which the manufacturing installation of the metal 
powder for enforcing the 1st approach of such this invention equipped with heating apparatus 
and churning equipment — the gas transfer unit to reaction vessels, such as the above- 
mentioned chemical cylinder, — or it has a gas aspirator from reaction vessels, such as the 
above-mentioned suction pump, or equipment of the both. Moreover, the steamy reflux 
equipment for flowing back the steam of polyol can be formed in the gas discharge path from a 
reaction vessel, i.e.. the discharge side of a gas aspirator, and a between reaction vessels and a 
gas aspirator or the steamy discharge side of a reaction vessel. Furthermore, a junction tub can 
also be prepared if needed between a gas aspirator and a reaction vessel or between steamy 
reflux equipment and a reaction vessel. 

[0022] In the 2nd approach of this invention, it reacts by mixing at a time the polyol (low-boiling 
point polyol) which has the boiling point in the temperature requirement to the temperature 
which added 30 degrees C to whenever [ this stoving temperature ] from whenever [ stoving 
temperature ] (85 degrees C or more), and at least one sort of polyols (high-boiling point polyol) 
which have the boiling point in the temperature requirement exceeding the temperature which 
added 30 degrees C to whenever [ this stoving temperature ]. Since low-boiling point polyol 
discharges the steam which carried out the steam by whenever [ stoving temperature ]. and was 
generated by the reaction out of a reaction vessel according to this approach, the steam 
concentration in a reaction vessel can be reduced and a reduction reaction can be promoted. 
[0023] Moreover, high-boiling point polyol controls bumping in a reaction vessel, and has the 
operation which secures safety. The rate of low-boiling point polyol and high-boiling point polyol 
makes low-boiling point polyol 10 - 80 % of the weight. Since it becomes inadequate discharging 
to the outside of the reaction vessel of a steam, and evaporation of low-boiling point polyol will 
become intense in [ than 80 % of the weight ] more if there is less low-boiling point polyol than 
10 % of the weight, this is to become close to a bumping condition and for safety to fall. 
[0024] In the 3rd approach of this invention, the temperature of the cooling medium used for 
steamy reflux is held at 100-200 degrees C. According to this approach, only the steam 
generated by the reaction is discharged out of a reaction vessel, and it is possible to promote a 
reduction reaction, preventing reduction in polyol. since the polyol which evaporated can flow 
back in a reaction vessel. 

[0025] Since it becomes that it is easy to be discharged out of a reaction vessel, without 
controlling a reduction reaction conversely since the generated steam flows back at temperature 
with the temperature of a cooling medium lower than 100 degrees C, and polyol flowing back in 
the cooling medium of temperature higher than 200 degrees C and reduction in polyol takes 
place, it is not desirable. As a cooling medium to be used, if liquid at 100-200 degrees C. it is 
good, for example, the oil used with an oil bath etc. and polyols. such as ethylene glycol, can be 
used. Moreover, since a temperature setup of a cooling medium changes with scales of steamy 
reflux equipment etc. whenever [ class / of polyol /. and stoving temperature ], it is desirable to 
choose laying temperature by a preliminary test etc. beforehand. 

[0026] In addition, the 1 st approach of above mentioned this invention, the 2nd approach, and 

the 3rd approach can also be enforced combining two or all three, respectively, by it. can 

promote a reduction reaction further further and can obtain a desired metal powder efficiently 

more in a short time. 

[0027] 

[Example] 

The separable flask with a capacity of 51. was prepared as example 1 reaction vessel, and as 
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shown in drawing 1 , the heating apparatus 2 which becomes this reaction vessel 1 from a mantle 
heater, churning equipment 3, and the steamy reflux equipment 4 which consists of a cooling 
pipe of a RIBIHHI mold were attached. 2kg of oxidization copper was suspended in triethylene 
glycol 6.6kg put in in the reaction vessel 1 of this reactor, and it heated at 220 degrees C under 
reflux with 25-degree C water, supplying air in a reaction vessel 1 by 201. the flow rate for /from 
the gas transfer unit 5 which consists of an air bomb. 

[0028] Consequently, there is no bumping of reaction mixture and the reduction reaction of 
copper oxide was ended in 2 hours. After carrying out washing desiccation, when it carried out 
centrifugal separation of the obtained copper powder, and SEM observation was performed, it 
turned out that it is good copper powder of the mono dispersion nature whose mean particle 
diameter is 1 micrometer. 

[0029] For the comparison, except having not supplied air to a reaction vessel 1. the same 
actuation as an example 1 was performed, and copper powder was manufactured Consequently, 
it ended in 1 5 hours and 7,5 times as many reaction time as this was required for the reduction 
reaction as compared with the above-mentioned example 1 . 

[0030] The same reactor as the example 2 above-mentioned example 1 was used, and copper 
powder was manufactured like the above-mentioned example 1 except having heated at 210 
degrees C. using diethylene-glycol 6.6kg as polyol. Consequently, there was no bumping of 
reaction mixture, reaction time was ended in 3 hours, and the obtained copper powder was good 
copper powder of mono dispersion nature with a particle size of 2 micrometers. 
[0031] For the comparison, except having not supplied air to a reaction vessel 1. the same 
actuation as an example 2 was performed, and copper powder was manufactured. Consequently, 
it ended in 18 hours and 6 times as many reaction time as this was required for the reduction 
reaction as compared with the example 1 . 

[0032] As shown in example 3 drawing 2 . the heating apparatus 2 and the churning equipment 3 
which become the reaction vessel 1 of a separable flask from a mantle heater were attached, 
and the steamy reflux equipment 4 which consists of a cooling pipe of a RIBIHHI mold through 
the junction tub 7 was attached in the exhaust side of a reaction vessel 1. Furthermore, the gas 
aspirator 6 which becomes the exhaust side of steamy reflux equipment 4 from a suction pump 
was installed. 

[0033] Using this reactor, except having attracted the ambient atmosphere in a reaction vessel 1 
by the 401. flow rate for /with the gas aspirator 6, the same actuation (however, with no gas 
supply) as an example 1 was performed, and copper powder was manufactured. Consequently, 
there is no bumping of reaction mixture and the reduction reaction of copper oxide was ended in 
2 hours. After carrying out washing desiccation, when it carried out centrifugal separation of the 
obtained copper powder, and it performed SEM observation, it was good copper powder of mono 
dispersion nature with an average grain size of 1 micrometer. 

[0034] As example 4 polyol. triethylene glycol of 285 degrees C of boiling points 3.3kg (50 % of 
the weight) and diethylene-glycol of 245 degrees C of boiling points 3,3kg (50 % of the weight) 
were mixed. Suspending and agitating 2kg of copper oxide in this mixed polyol. it heated at 230 
degrees C and copper powder was manufactured 

[0035] Consequently, there is no bumping of reaction mixture and the reduction reaction of 
copper oxide was ended in 1 hour. Centrifugal separation of the obtained copper powder was 
carried out. and after carrying out washing desiccation, it was good copper powder of mono 
dispersion nature with a mean particle diameter of 0.7 micrometers at the *« time which 
performed SEM observation. 

[0036] For the comparison, copper powder was manufactured by the same approach as an 
example 4 as polyol except having used only diethylene-glycol of 245 degrees C of boiling points 
6.6kg. Consequently, although it ended in 0.7 hours, bumping in a reaction vessel was intense, a 
part of polyol dispersed and the reduction reaction was in the very dangerous condition. 
[0037] Copper powder was manufactured like the example 4 except having mixed and used 
triethylene glycol of 285 degrees C of boiling points 1.4kg (20 % of the weight), and diethylene- 
glycol of 245 degrees C of boiling points 5.6kg (80 % of the weight) as example 5 polyol. 
Consequently, there is no bumping of reaction mixture and the reduction reaction was ended in 2 
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hours. After carrying out washing desiccation, when it carried out centrifugal separation of the 
obtained copper powder, and it performed SEM observation, it was good copper powder of mono 
dispersion nature with a mean particle diameter of 1 micrometer. 

[0038] For the comparison, copper powder was manufactured by the same approach as an 
example 5 as polyol except having used only triethylene glycol of 285 degrees C of boiling points 
6.6kg. Consequently, although bumping in a reaction vessel was not produced, it ended in 15 
hours and 7.5 times as many reaction time as this was required for the reduction reaction 
compared with the above-mentioned example 5. 

[0039] The cooling pipe (cooling die length: 210mm) of a RIBIHHI mold was attached in the 
reaction vessel which consists of a separable flask of 651. of examples as steam-cooling 
equipment, and it was made to circulate through 105-degree C ethylene glycol as a cooling 
medium. 

[0040] 2kg of copper oxide was suspended in triethylene glycol 6.6kg put in in this reaction 
vessel, and when it heated at 220 degrees C and copper oxide was returned to the bottom of 
reflux, the reduction reaction was ended in 5 hours. After carrying out washing desiccation, when 
it carried out centrifugal separation of the obtained copper powder, and it performed SEM 
observation, it was good copper powder of mono dispersion nature with a mean particle diameter 
of 1 micrometer. 

[0041] For the comparison, except having used 25-degree C water as a cooling medium, the 
same actuation as an example 6 was performed, and copper powder was manufactured. 
Consequently, it ended in 1 5 hours and 3 times as many time amount as this was required for 
the reduction reaction compared with the example 6. 

[0042] Copper powder was manufactured like the example 6 except having used the barrel therm 
(oil made from Pine Muraishi Oil) heated at 1 50 degrees C as example 7 cooling medium. 
Consequently, the reduction reaction was ended in 5 hours and the obtained copper powder was 
good copper powder of mono dispersion nature with a mean particle diameter of 1 micrometer. 
[0043] For the comparison, copper powder was manufactured like the example 6 except having 
used 210-degree C barrel therm as a cooling medium. Consequently, triethylene glycol dispersed 
out of the reaction vessel, it adhered around the reaction vessel, the amount of the triethylene 
glycol in a reaction vessel was decreasing, and the reduction reaction brought a result to which 
the problem on an environment and the stability of a reaction worsen, although it ended in 5 
hours. 
[0044] 

[Effect of the Invention] According to this invention, since the scale of a reactor can be enlarged 
since bumping of reaction mixture can be controlled, and a reduction reaction is promoted, 
reaction time is shortened, and the productivity of a metal powder can be raised. Therefore, it 
becomes possible to manufacture a metal powder with good dispersibility cheaply with a detailed 
particle size. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the manufacturing installation of the metal 
powder of this invention used in the example 1. 

[Drawing 2] It is the schematic diagram showing the manufacturing installation of the metal 
powder of this invention used in the example 3. 
[Description of Notations] 

1 Reaction Vessel 

2 Heating Apparatus 

3 Churning Equipment 

4 Steamy Reflux Equipment 

5 Gas Transfer Unit 

6 Gas Aspirator 

7 Junction Tub 
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